Introduction {#sec1-1}
============

Peptide receptor radionuclide therapy (PRRT) is a novel targeted palliative therapy primarily employed for metastatic/advanced well differentiated neuroendocrine tumors (NETs) such as gastroenteropancreatic and pulmonary NETs, paragangliomas, neuroblastomas, pheochromocytomas, and medullary carcinoma of thyroid. The radiopharmaceuticals used for PRRT are yttrium-90 (^90^Y)/lutetium-177 (^177^Lu) -- 1,4,7,10-tetraazacyclododecane (DOTA)-TATE/TOC/NOC. PRRT produces modest side effects as compared to other palliative therapies such as chemotherapy and radiotherapy. It has demonstrated encouraging results with in treating patients of metastatic or inoperable NET. However, the radiolabeled SSA analogs are reabsorbed in proximal convoluted tubules of nephrons, which may cause adverse effects on kidneys.\[[@ref1][@ref2][@ref3]\] The other documented but well-managed side effects during or following the treatment are nausea, vomiting, fatigue, pain abdomen, hormonal crisis, and temporary worsening of the symptoms noted in patients with tumors that produce a large amount of hormones, slight decrease in the number of blood cells (temporary). The most common side effects of amino acid infusion are nausea, vomiting and hyperkalemia (K^+^ \>5.0 mmol/L); the nausea and vomiting can be well managed with the combination of ondansetron and dexamethasone in most cases. The long-term side effects of PRRT include renal compromise and bone marrow toxicity.

As a part of the pretreatment evaluation as well as to assess the renal toxicity of the administered therapy, pretherapy serum creatinine and renal scintigraphy with glomerular and tubular agents (^99m^Tc-DTPA and ^99m^Tc-EC renogram) are performed. This is followed by evaluation of serum creatinine during follow-up posttherapy. Among the renal scintigraphy procedures, glomerular filtration rate (GFR) fraction and effective renal plasma flow (ERPF) are evaluated and suggested cut-off value stated is at least around 60% of age adjusted normal values.\[[@ref4]\] Positively charged amino acids such as L-lysine and/or L-arginine, on co-administration, significantly reduce renal toxicity by competitively inhibiting re-absorption of radio-peptides in proximal tubules, thus reducing the uptake by 40%.\[[@ref5]\] Plasma expander like Gelofusine, has also been employed, which when co-injected with lysine has shown to reduce the radio-peptide uptake by 62%--70%.\[[@ref6][@ref7]\] Despite the use of the aforementioned preventive measures, there can still be deterioration of renal function postPRRT, with an approximate loss of creatinine clearance 3.8% and 7.3%/year for ^177^Lu-DOTATATE and ^90^Y-DOTATOC, respectively.\[[@ref8]\] In clinical practice during pretherapy work-up, one comes across a group of patients, who present with borderline low renal function as per one of these parameters, whereas the other two parameters are within normal limits: Not infrequently, in view of the fact that in the presence of extensive disease burden from NETs, PRRT constitutes a very important therapy, the attending physician needs to make a critical decision in these patients whether PRRT could be administered without denying therapy in needy patients.

Materials and Methods {#sec1-2}
=====================

Patients and study design {#sec2-1}
-------------------------

A retrospective analysis was performed on patients of metastatic NETs with borderline compromised discordant renal parameter of one type (either serum creatinine/GFR/ERPF) and normal values of the other two, who had received therapeutic ^177^Lu-DOTATATE in view of advanced metastatic disease burden. The objective of this analysis was to assess the effect of the PRRT in this particular group of patients and determine feasibility of this procedure.

The standard PRRT protocol was followed for all patients such as (i) diagnosis of NET was confirmed in these patients by histopathology; (ii) availability of tumor/biochemical markers (serum chromogranin A and 24 h urinary 5-hydroxyindoleacetic acid) and (iii) functional imaging supportive of a NET (high uptake on ^68^Ga-DOTATATE scan) and cross-sectional (computed tomography/magnetic resonance imaging) imaging information. The GFR and ERPF were estimated by ^99m^Tc-DTPA and ^99m^Tc-EC renogram respectively and same method and gamma camera was used for the follow-up evaluation.

Selection of patients for the study analysis {#sec2-2}
--------------------------------------------

Patients with compromised renal parameters (either found to have decreased GFR or ERPF values or with elevated serum creatinine) and underwent minimum of two cycles of PRRT were included in this study. A total of 15 patients (11 males, 4 females) were found among a population of 450 patients.

Results {#sec1-3}
=======

Patient characteristics {#sec2-3}
-----------------------

The patients' characteristics with the primary site of NET with metastases (if any) and details of therapy administered during each cycle of PRRT are summarized in [Table 1](#T1){ref-type="table"}. The age group of the patients ranged from 32 to 75 years with male to female ratio of 3:1. The duration of follow-up ranged from 10 to 48 months and the cumulative activity administered ranged from 9.9 to 31.3 GBq (2--5 cycles of therapy given).

###### 

Patient characteristics
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The patients' renal function parameters (serum creatinine, GFR, and ERPF), the filtration fraction (FF) (GFR/ERPF) and the response of these parameters in the follow-up course were tabulated. The patients were divided into sub-groups depending on the compromised renal parameter and are summarized in Tables [2](#T2){ref-type="table"}-[6](#T10){ref-type="table"}.

###### 

Patients with reduced glomerular filtration rate and maintained effective renal plasma flow and normal serum creatinine
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###### 

Patients with reduced glomerular filtration rate and maintained effective renal plasma flow and normal serum creatinine (average values of parameters)
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###### 

Patients with reduced effective renal plasma flow with maintained glomerular filtration rate and borderline elevated/normal serum creatinine
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###### 

Patients with reduced effective renal plasma flow with maintained glomerular filtration rate and borderline elevated/normal serum creatinine (average values of parameters)
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###### 

Patient with reduced both glomerular filtration rate and effective renal plasma flow and maintained serum creatinine
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###### 

Patient with reduced both glomerular filtration rate and effective renal plasma flow and maintained serum creatinine (average values of other parameters with each cycle)
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###### 

Patients with compromised single kidney function
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###### 

Patients with compromised single kidney function (average values of parameters with each cycle)
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###### 

Parameter characteristics of patients with demonstrated renal toxicity
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###### 

Parameter characteristics of patients with demonstrated renal toxicity (average values of parameters with each cycle)
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### Observation {#sec3-1}

There were a total of three patients with reduced GFR and borderline ERPF and serum creatinine were considered for PRRT in view of the patients' clinical status and a good symptomatic response was observed without any significant change in renal parameters during the follow-up \[Figure [1a](#F1){ref-type="fig"}-[c](#F1){ref-type="fig"}\].

![(a-c) Plotted average values of serum creatinine, total effective renal plasma flow and filtration fraction with each cycle of peptide receptor radionuclide therapy](WJNM-17-12-g012){#F1}

A total of three patients with reduced ERPF and borderline elevated/normal serum creatinine but with maintained GFR were found. Of three patients, two patients demonstrated well-maintained all renal parameters with no significant toxicity noted subsequently, whereas in one patient there was renal toxicity found with gradual fall of GFR and ERPF and progressive increase in serum creatinine levels \[Figure [2a](#F2){ref-type="fig"}-[c](#F2){ref-type="fig"}\].

![(a-c) Plotted average values of serum creatinine, total glomerular filtration rate and filtration fraction with each cycle of peptide receptor radionuclide therapy](WJNM-17-12-g013){#F2}

In one patient, we had given PRRT with reduced both GFR and ERPF, but patient had normal serum creatinine. This patient had subsequently shown good symptomatic response without any significant renal toxicity and well maintained renal parameters in the follow-up period \[[Figure 3](#F3){ref-type="fig"}\].

![Plotted average values of serum creatinine and filtration fraction with each cycle of peptide receptor radionuclide therapy](WJNM-17-12-g014){#F3}

In five patients, we found single kidney compromised function and opposite kidney is well functioning with overall maintained renal parameters. In this group, we observed a stable or maintained renal parameter after the PRRT without any significant renal toxicity. We separately assessed the FF of compromised single kidney, in which we observed a significant increase of FF when compared to total FF of the affected kidney in 3 out of 5 patients (60%) and appeared similar in the remaining 2 patients \[Figure [4a](#F4){ref-type="fig"}-[c](#F4){ref-type="fig"}\].

![(a-c) Plotted average values of serum creatinine, total glomerular filtration rate, effective renal plasma flow, and filtration fraction with each cycle of peptide receptor radionuclide therapy in patients with single compromised kidney](WJNM-17-12-g015){#F4}

Renal toxicity as observed in four patients where we noted progressive reduction of all the parameters in the follow-up period (in baseline and at least two subsequent values). Subsequent cycle of PRRT was denied in these patients and referred patients for the other modes of palliative therapy. Interestingly, 3 out of 4 (i.e. 75%) had all parameters normal at baseline and 1 out of 4 had reduced ERPF and normal GFR and serum creatinine at baseline \[[Figure 5](#F5){ref-type="fig"}\].

![(a-c) Plotted average values of serum creatinine, total glomerular filtration rate, effective renal plasma flow and filtration fraction with each cycle of peptide receptor radionuclide therapy](WJNM-17-12-g016){#F5}

Statistical methods {#sec2-4}
-------------------

We correlated all four renal parameters using kappa statistics to estimate the agreement between these renal parameters individually with GFR as the gold standard. Interestingly, very poor concordance was noticed between GFR and other renal parameters in both pretherapy and posttherapy values. Kappa value more than 0.7 is an indicator of good agreement, which was not found in any of the renal parameters.

Discussion {#sec1-4}
==========

Renal toxicity in PRRT mainly arises from the re-absorption of the radio-peptide in the proximal convoluted tubules of nephrons and the resulting retention of radio-peptide in the renal parenchyma. Nephrotoxicity is markedly noted after (^90^Y-DOTA 0, Tyr 3)-octreotide as compared to ^177^Lu-DOTATATE due to the high energy and longer range of beta particle tissue penetration of ^90^Y (Emax: 2.27 MeV, Rmax: 11 mm); ^177^Lu, whose beta particles possess lower energy and shorter tissue penetration (Emax: 0.49 MeV, Rmax: 2 mm).\[[@ref9]\]

Various institutes consider various parameters as per their institutional protocol and the resources available at that time and place. GFR (calculated by camera based GATES method) using ^99m^Tc-DTPA is presently the most commonly used parameter for pretherapy evaluation of the renal function. Some centers use ERPF (using ^99m^Tc-MAG3/EC) as the baseline pretherapy renal parameter in addition to serum creatinine. At our center, we usually assess all three parameters mentioned above for the pretherapy renal function assessment before each cycle, as well as post-PRRT for the toxicity profile assessment. FF, which is the ratio of GFR to ERPF, was also used to observe the relative change of one parameter more than the other and was compared with the baseline values. This would clarify whether the tubular function is more affected compared to the glomerular function, which is theoretically predicted by the behavior of the radiopharmaceutical.\[[@ref10]\]

Thus, in the present study, we compared and observed the change in serum creatinine, GFR, ERPF and FF pretherapy and posttherapy. Most of the center considered GFR as the main renal parameter for pretherapy assessment. There was not much concordance or agreement noted between these renal parameters with kappa statistics (must be more than 0.7 for the agreement to be significant).

We included few cases with reduced GFR but with maintained ERPF (\>300) and serum creatinine (\<1.4 mg/dl) values, and hence we considered this group of patients for PRRT and we found good symptomatic response without any significant renal toxicity in the subsequent cycles of PRRT. We also considered few patients for PRRT in which we found raised serum creatinine but with maintained GFR and a patient with reduced both GFR and ERPF with maintained serum creatinine; however, in all these cases, we found good tolerance for PRRT without any significant renal toxicity.

It is however important to perceive that whilst Tc-99m DTPA does measure GFR, Tc-99 m EC does not accurately measure EPRF, this can only be measured using I-125 hippuran or similar. As 99 mTc-EC is both filtered and excreted in variable amounts between patients it is at times very unreliable, this is even more inaccurate of there is any disassociation of the Tc-99 m from the EC. Furthermore, there is no clear evidence that changes in ERPF have any definitive predictive value, the options are (a) stick to GFR, or (b) include the Tc-99 m EC data, but make this clear, it does equate with ERPF and the significance of its early change is unknown at present.

We studied five cases where there was significant deranged function of one kidney and compensatory hyper function noted in the contra lateral kidney, we considered for PRRT as the age adjusted GFR was more than 60% (as per IAEA and EANM guidelines) and serum creatinine within normal limits. We noted a maintained kidney function in this group of patients in the subsequent PRRT cycles without any overall renal compromise.

Renal toxicity was noted in few patients, who was studied separately \[[Table 6](#T10){ref-type="table"}\], for whom the follow-up therapy was not considered and was referred for the other modes of treatment. No hematological toxicity was noted in any of the above patients who were considered in this study.

Conclusion {#sec1-5}
==========

Renal toxicity is most common long term complication of PRRT that warrant pretherapy renal function evaluation necessary in all cases. From the present analysis, we can conclude that in patients with compromised single renal parameter, delivery of PRRT with ^177^Lu-DOTATATE is possible, if we evaluate all renal parameters, that is, GFR, ERPF and serum creatinine combined.
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